The Mediterranean sponge Hamigera hamigera (family Anchinoideae) was studied since its total extract showed deterrent activity in a fish feeding assay. Eight compounds were isolated from the biologically active fractions and four of these proved to be new natural products, hamigeroxalamic acid (1), hamigeramine (2), hamigeramide (3) and hamiguanosinol (5). The structures of the new compounds were elucidated by 1D and 2D NMR spectroscopy and mass spectrometry .
Introduction
Marine sponges are known as a prolific source of biologically active and structurally unique metabolites. In the search for biologically active substances from marine sponges, the family Anchinoidae was shown to be a rich source for secondary metabolites which include tripeptide and dimeric peptide alkaloids, sulfur-containing compounds [ 1 , 2 , 3 ] chlorine-containing phenolic compounds [4] and antifungal and cytostatic macrolides [5, 6] . The genus Hamigera belongs to the same family. Biologically active brominated compounds have previously been isolated from Hamigera tarangensis [7, 8] . The Mediterranean sponge Hamigera hamigera was studied because the total extract showed biological activity in a fish-feeding deterrence assay. This study led to the isolation of four new compounds including hamigeroxalamic acid (1), hamigeramine (2) , hamigeramide (3) and a sulfated nucleoside, hamiguanosinol (5) together with the known compounds, 1H-indole-3-carbaldehyde (4), and three steroid derivatives 6, 7, and 8. 
Results and Discussion
The conspicuous dark red colored sponge Hamigera hamigera was collected at a depth of 5 to 7 m off the island of Elba (Mediterranean Sea). The biologically active EtOAc and aqueous extracts were subjected to a series of chromatographic separation steps which yielded four new compounds 1, 2, 3, and 5, while four known compounds (4, 6, 7, and 8) were also isolated. The structures of the known compounds, indole-3-carboxaldehyde (4) [9, 10], 22-dehydrocampasterol (6), 27-nor-22-dehydrocampasterol (7), and 24-methylcholesta-5,22-dien-3ß-ol (8) [11, 12, 13] Hamigeroxalamic acid (1) was isolated as a pale yellowish white amorphous powder. Positive and negative ion ESIMS established the molecular weight of the compound which is compatible with a molecular formula of C 10 H 9 NO 4 . The 1 H-NMR spectra (see Table 1 ) revealed an AA'BB' system for 2H doublets at δ 7.09 and 6.67 which indicated a para-disubstituted benzene ring. The broad proton signal at δ 9.31 (OH) suggested 1 was phenolic as it gave a 2 J correlation with the 13 C NMR signal at δ 156.4 and 3 J correlations to the C-3 and C-5 at δ 116.5 of the AA'BB' system. The presence of a 1,2-disubstituted double bond adjacent to the NH group or trans-enamide substructure were observed as implied by the coupling constants and respective proton signals at δ 6.35 (H-7, d, J = 14.5 Hz) and δ 7.10 (H-8, dd, J = 14.5 and 10.7 Hz) which coupled further with the broad NH doublet proton at δ 10.07 (d, J = 10.7 Hz) [ 14 , 15 ] . A similar substructure was found in storniamides [14] , peptide alkaloids isolated from a Patagonian sponge Cliona sp. The carbon signals of the olefins at δ 114.0 and 122.1 were also compatible to those found in the latter compounds (ca. δ 114 and 120 H signals of the trans olefinic protons were to lower field. There were also additional broad singlets at δ 9.29 and δ 9.10 that were first thought to indicate the presence of a terminal NH 2 as in oxalamide. However, significant discrepancies were observed for the carbonyl signals in the 13 C NMR spectrum of 2 when compared to those of psammaplin E [17] (in CD 3 OD), 3-bromotyramine amide [18] (in CD 3 OD), and igzamide [19] (in DMSO), all of which possess an oxalamide terminal functional group. The carbonyl shifts of the oxalamide unit for these known compounds were reported at ca. 162 and 165 ppm in CD 3 Hamigeramide (3) was obtained as a yellowish white powder from the biologically active EtOAc extract. It has the molecular formula of C 12 H 11 N 3 O 2 as suggested by EIMS. Its 1 H NMR spectrum (Table 2) was very similar to those of 3-indoleacrylamide and its acid congener [22] except for the difference in signals observed for the 1,2-trans-disubstituted olefinic protons. The 13 C data for 3
were obtained from a HMBC spectrum and significant differences compared to the known compounds were observed for the olefinic carbons. The vinyl amine function in both compounds was confirmed by the COSY correlation between H-8 and NH-9 while the amino imino acetic functionality in hamigeramine was detected through the HMBC correlation between the imino NH and C-11. bis-indole alkaloids, chondriamides, isolated from the red alga Chondria atropurpurea [10, 23] . The functionality common to both the chondriamides and indoleacrylamide is the presence of a carbonyl moiety adjacent to the trans olefinic bond. The 1 H signals of the olefinic system of hamigeramide (3) were observed at 7.18 and 7.10 ppm while their carbon shifts were detected at 118.2 and 117.3 ppm which suggested that 3 had a unique terminal functionality. Since the 1 H and 13 C chemical shifts of the olefinic protons were comparable to those of hamigeramine (2) , this could suggest the presence of an adjacent imino amino moiety. Due to the very small amount of hamigeramide isolated, it was not possible to obtain a 13 C NMR spectrum to prove the presence of the imino group. The HMBC spectra also did not show any discernible correlation between any of the olefinic protons to the expected imino carbon chemical shift at ca. 155 ppm. Ion trap ESI MS/MS showed the presence of the imino amino moiety and its connectivity were confirmed ( .7 s a These assignments are interchangeable but the signal at 9.29 ppm shows a correlation to C-11. Hamiguanosinol (5) 74.0 / δ C-4' 84.0, respectively. The only difference from known nucleoside, 6-hydroxy guanosine, was the presence of a methyl singlet at δ H 2.05 which showed a direct correlation with the quaternary carbon at δ C 16.0 suggesting the presence of a SCH 3 group. This was confirmed from the ESI-MS/MS experiment which showed daughter ions at m/z 163 for the methylthioribosyl moiety while a subsequent fragment ion at m/z 97 indicated the presence of the thiomethyl (SCH 3 ) moiety. For the guanine nucleus, the presence of a hydroxyl group at C-6 instead of a keto function was confirmed by signals at δ H 10.57 and δ C 157.2 instead of a 13 C signal at ca.170 ppm for a keto amide function. The hydroxyl substituent at C-6 was also evident from the four bond HMBC correlations of δ H 7.90 (H-8) with δ C 157.2 (C-6). The attachment of the ribosyl moiety with the purine unit at N-9 was confirmed by HMBC correlations of the anomeric proton (H-1´) with C-4 and C-8. Hamiguanosinol (5) was then concluded to be 5'-deoxy-5'-methylthio-6-hydroxyguanosine. The fish deterrent activity of the aqueous phase was accounted for by the presence of hamiguanosinol. Nucleoside compounds are known for their antiviral activity and the first notable discovery of biologically active marine metabolites was actually unusual nucleosides. They were first isolated from a Caribbean sponge in the 1950s, and later served as lead structures for the development of the important anti-viral drugs such as Ara-A known commercially as acyclovir [25] .
The fish deterrent activity of the isolated compounds was not quantified due to the very small amounts isolated. However, the biological activity of related compounds should be mentioned. Hamigeroxalamic acid (1) is among the few examples of natural products to date that carry the oxalamic functionality. Another important natural product having the same oxalamic moiety is psammaplin F which was found to selectively inhibit histone deacetylase, which is an epigenic modifier in the silencing of tumour suppression genes. It is also important to note that among the 10 known psammaplin derivatives, only psammaplin F, the oxalamic congener, was found to inhibit HDAC. Hamigeramide (3) is basically an indole alkaloid. Related compounds are the bis-indole alkaloids chondramides that were reported to exhibit anthelminthic and antiviral activity against HSV II [10] .
Material and Methods

General experimental procedures
Optical rotation data were recorded on a Perkin-Elmer Model 341 LC polarimeter. 1D and 2D NMR spectra (chemical shifts in ppm) were recorded on Bruker AMX 300, ARX 400, or DRX 500 NMR spectrometers using standard Bruker software. Mass spectra (ESIMS) were recorded on a ThermoFinnigan Deca LCQ ion trap mass spectrometer. High resolution EIMS were recorded on a Finnigan MAT 8430 and on an Intectra AMD 402. For HPLC analysis, samples were injected into a HPLC system equipped with a photodiode-array detector (Gynkotek, München, Germany). Routine detection was at 254, 280, and 340 nm. The separation column (125 x 4 mm, i.d.) was prefilled with Eurospher 100-C 18 , 5 µm (Knauer, Berlin, Germany). Separation was achieved by applying a linear gradient from 100% H 2 O (with 0.2% TFA) to 100% MeOH over 40 min. Compounds were purified by semipreparative HPLC which was conducted on a Merck Hitachi LaChrome L-7100 pump and Merck Hitachi LaChrome L-7400 UV detector. Chromatograms were recorded on a Merck Hitachi D-2000 Chromato-Integrator. Separation columns (300 x 8 mm, i.d.) were prefilled with Eurospher 100-C 18 , 7 µm (Knauer, Berlin, Germany). TLC was performed on precoated TLC plates with Si gel 60 F 254 and Si gel RP-18 F 254 (Merck, Darmstadt, Germany). Compounds were detected by UV absorbance or by fluorescence at 254 and 366 nm. Solvents were distilled prior to use and spectral grade solvents were used for spectroscopic measurements. No. 
Extraction and isolation
The freeze-dried sponge was extracted with CH 2 Cl 2 and subsequently with MeOH, the resulting total crude extract obtained with both solvents was evaporated to dryness in vacuo. The total crude extract (5.3 g) was partitioned between H 2 O and cyclohexane, then H 2 O and EtOAc and finally between H 2 O and n-BuOH. The EtOAc and H 2 O extracts were found to be active in the fish-feeding assay. The biologically active extracts were chromatographed separately over a Sephadex LH-20 column using MeOH as an eluent. Each fraction was collected to a volume of 5 mL and monitored by TLC on a pre-coated silica gel plates (Merck, Darmstadt, Germany) which were developed under the appropriate solvent system. The pooled non-polar fractions from the EtOAc extract were subjected to normal-phased silica gel column chromatography which was eluted with hexane:EtOAc (90:10) resulting in the isolation of steroids 6 (3.1 mg), 7 (2.1 mg), and 8 (1.8 mg) while the polar fraction was chromatographed over a reversed-phase C 18 column and eluted with MeOH:H 2 O (1:1) which yielded the new compound 2. The polar fractions obtained from the EtOAc extract afforded the isolation of new compounds 1 (7.5 mg), 2 (2.5 mg), 3 (3.5 mg), and the known compound indole-3-carbaldehyde (4, 2.0 mg), after the extract was chromatographed over a reversed-phase C 18 column which was also eluted with MeOH:H 2 O (1:1). The compounds were purified by semi-preparative reversed phase HPLC using a gradient of H 2 O and MeOH. The aqueous extract was subjected to Sephadex LH-20 column chromatography using MeOH as eluent and yielded the new nucleoside (5, 2.3 mg) which was also further purified by semi-preparative reversed phase HPLC using a gradient of H 2 O and MeOH.
Spectroscopic Data
Hamigeroxalamic acid (N-[2-(4-hydroxy-phenyl) 
Feeding experiments with Blennius sphinx
For the feeding experiments, crude sponge extracts and/or fractions were incorporated into the artificial fish diet. The artificial fish diet was treated with physiological concentrations of secondary sponge metabolites as determined in 10 mL ethanol preserved sponge material to match the natural concentrations of the metabolites found in the sponge. All metabolites used for the feeding experiments were dissolved in MeOH and incorporated into 1.053 g of ground commercial fish food granules (TetraMarin Granulat, TetraWerke, Melle, Germany). This mixture was then added to 9 mL of 2% agar at 48° C to give a volume of 10 mL. Control diet was likewise prepared by mixing the food granules in MeOH without the sponge extracts. Freshly prepared treated diet and control diet were then separately poured into rectangular molds (2 x 25 x 250 mm) placed on a meshed screen. The food diet was allowed to set on the meshed screen which were then cut to six equivalent food strips. Each of the food strips contained a treated diet and a control diet, each covering an area of 10 x 15 meshed screen squares.
The feeding experiments were them performed in an aquarium (size: 170 x 80 x 40 cm) using 70 individuals of the polyphagous Mediterranean fish Blennius sphinx. The food strips were placed at the bottom of the aquarium. The food strips were checked at regular time intervals and were removed when approximately one-third of the total food mass was consumed. To determine the amount of control and treated food eaten, the number of empty squares in the meshed screen were counted [25, 27] . The results obtained from several replicate experiments were pooled and analyzed with a paired t-test.
